We have studied the photoexcitation dynamics in electrochemically polymerized polythiophene thin films using transient photomodulation spectroscopy measured from 100 fs to 20 ms in the spectral range from 0.25 to 2.2 eV, and by the novel technique of absorption-detected magnetic resonance (ADMR).
The recently developed theoretical picture of electronic excitations in conducting polymers has created a great deal of interest both experimentally and theoretically [I] .
In this elegant picture, electronic photoexcitations across the Peierls-Hubbard gap are entirely diAerent from the photoinduced electron-hole (e-h) pairs of conventional semiconductors.
Instead, the proper description of the intrachain photogenerated quasiparticles in trans (CH), i-s given in terms of separated charged soliton (S ) pairs [2] , whereas in most polymers with nondegenerate ground states (NDGS), polaron excitons are formed due to the intrinsic confinement of the polymer backbone structure [3] . Interchain photoexcitations, however, may form separated charged polarons in both types of polymers [1, 2] .
The experimental studies of photoexcited polymers, however, have revealed several unexpected phenomena that were not predicted by the conventional theoretical models. First, neutral soliton (S S ) pairs as well as S+S pairs are generated in trans-(CH)", both with high quantum e%ciency [4] . Second, electroluminescence (EL) with quite high quantum yield has been observed in poly(phenylene vinylene), a member of NDGS-type polymers, when polarons are injected at the opposite electrodes [5] ; surprisingly, it was found that the EL and the photoluminescence (PL) spectra are the same. Third, a fast photoconductive (PC) response has been measured in polythiophene [6] , a second member of the NDGS-type polymers, with a PC magnitude comparable to that in t-(CH) ". In addition, several magneto-optics measurements have shown [7, 8] [13] . Also the weak temperature dependence that we observed (Fig. I, upper inset) does not fit a mechanism of multiple trapping [13] . Instead PDA-4BCMU, at high pressure [12] . In PT, diffusion apparently dominates the decay even at ambient pressure, giving rise to a much slower relaxation than that in PDA.
For t )50 ps, the stretched exponential of Eq. (I), with r =1.2 ns, actually provides a good approximation to AT(t), as seen in Fig. 2 . For 0=10 ' cm /s, we find I/c= 3000 A, For t &50 ps, our fit to the short-time asymptote of Eq. (I) gives I/c= 350 A. The discrepancy between these two values may result either from a bimodal distribution of conjugation lengths, as has been conjectured for polyacetylene [15] , in which case the PA would be probing primarily excitations on short chains at short times, and those on long chains at long times, or from a failure of the diffusion model, which treats the excitations as point particles, to accurately describe extended excitations on short segments.
In Fig. 3(a) we show the transient PM spectra from 0.25 to 1.9 eV at 1 ps, 100 ps, and 10 ms following the 10-ns pulsed excitation at 80 K. We see that within the spectral range of the ps measurements (1.2 to 2.2 eV, Fig. I ) there are now two PA bands observed, one at 1.35 eV (co.) and the other at 1.8 eV (HE); a third PA band (co~) is also seen at 0.5 eV. These PA bands appear as early as 250 ns. It is clear that the HE band decays much faster than the bands co] and co2 which, however, decay together. The dynamics of HE [ Fig. 3(b) ] 1'rom less than 250 ns to 20 ms at 220 K follows exp( -t/r )", where r = 10 ps, which is much slower than the dynamics of the ps PA. The small exponent and the large value of~suggest that the PA dynamics after 250 ns cannot be to charge injection in PT [5] , we tentatively associate the HE with charged polarons P We have also measured the cw PM spectrum of the same PT films at 80 K and 500 Hz modulation, as shown in Fig. 4 . The cw PM spectrum is quite similar to the transient PM spectra in Fig. 3(a) for times between 10 and 10 -, showing the same three PA bands below the gap. Moreover, by measuring their dependencies on modulation frequency f we have found that the HE band decays slower with f than co~and A@2, consistent with its shorter lifetime in the transient spectra (Fig. 3) . The bands co] and co&, however, vary together identically with f, pump intensity, and pump wavelength. Additionally, in light of their similarity with the subgap absorption bands formed in PT films upon moderately high doping [16] , we associate these PA bands with bipolarons (BP ) [1, 3] .
The identification of the HE PA band with polarons is verified by ADMR, as shown in Fig. 4 by the H-ADMR spectrum at 1065 6 and the P-ADMR spectrum at w- The P-ADMR spectrum at 1065 G (Fig. 4) [3, 5] . The polaron-enhanced recombination in ADMR can be explained by the distant-pair-recombination model [7] . 
